The specificity of monoclonal antibodies against gastric mucins (designated as HIK1083, PGM 36, and PGM 37) 
A b s t r a c t

The specificity of monoclonal antibodies against gastric mucins (designated as HIK1083, PGM 36, and PGM 37) was studied immunohistochemically in normal, metaplastic, and neoplastic human tissues. These antibodies labeled class III mucin-producing cells identified by paradoxical concanavalin A staining in normal stomach, duodenum (Brunner gland), biliary tract, and main pancreatic duct; in mucinous metaplasia of pancreas and gallbladder; and in adenocarcinomas of stomach (90%), bile duct (80%), gallbladder (100%), pancreas (80%), lung (100% of goblet cell type adenocarcinomas), ovary (67% of mucinous carcinomas), and uterine cervix (100% of adenoma malignum tumors). Normal and neoplastic cells of esophagus, colon, salivary gland, kidney, endometrium, breast, prostate, and liver, as well as normal small intestine, lung, and uterine cervix, were all negative. The antibodies used should be valuable for the detection of class III mucin and class III mucinproducing cells in normal, metaplastic, and neoplastic tissues.
Mucins in mucous cells in normal, metaplastic, and neoplastic human tissues have been characterized histochemically and biochemically. [1] [2] [3] [4] [5] [6] Katsuyama and Spicer 2 classified mucins into 4 classes based on the reactivity with concanavalin A: I, II, III, and labile III. The combination of pretreatment with periodate and sodium borohydride diminishes concanavalin A reactivity of most mucosubstances, but paradoxically imparts it to some epithelial mucins (class III concanavalin A reactivity). 2 In normal human tissues, class III mucins have been found only in gastric gland mucous cells (including cardiac gland cells, mucous neck cells, and pyloric gland cells), Brunner gland cells, peribiliary mucous cells, and mucous cells found along the main pancreatic duct. 2, 4, [7] [8] [9] [10] Histochemical staining of class III mucins defined by paradoxical concanavalin A staining 2 has contributed to the study of the structure of the gastric surface mucous gel layer 11, 12 and the cell lineage differentiation of various adenocarcinoma cells. 4, 7, 9, 10, [13] [14] [15] [16] [17] [18] [19] [20] [21] In the stomach, the class III mucins are an essential component of the surface mucous gel layer. 11, 12 Interestingly, expression of class III mucins is associated consistently with the differentiation toward gastric pyloric mucosa not only in gastric carcinoma 4, 7, 9, 10, 20 but also in carcinoma of the biliary tract 10, 13 and pancreas 14, 16 and mucinous metaplasia of the pancreatic duct 16 and gallbladder. 22 Goblet cell type pulmonary adenocarcinoma and adenoma malignum of the uterine cervix have been found to express gastric mucins. 10, 17, 19, 21 Although paradoxical concanavalin A staining has diagnostic relevance owing to its selective reactivity, it has not been implemented for histologic diagnosis or for biochemical analyses because of the chemical pretreatments required. However, specific monoclonal antibodies against gastric mucin designated HIK1083 23, 24 and PGM 36 and PGM 37 25 have been raised. HIK1083 has been demonstrated to have the same specificity as paradoxical concanavalin A staining of normal tissue 21 and gastric, 21 pancreatic, 21 pulmonary, 18 and uterine cervical adenocarcinoma. 19, 21 PGM 36 and PGM 37 have been demonstrated to have the same specificity as paradoxical concanavalin A staining of normal gastrointestinal tracts of vertebrates. 26 The present study was designed to determine whether these antibodies would make detection of class III mucins practical for routine immunohistochemistry for histopathologic diagnosis.
Materials and Methods
Preparation of Tissues
Formalin-fixed paraffin-embedded sections of human tissues were obtained from the surgical pathology files of the Department of Laboratory Medicine, Shinshu University Hospital, Matsumoto, Japan. Samples included squamous cell carcinoma of esophagus (5 cases) and lung (5); adenocarcinoma of stomach (10), colon (10), pancreas (5), bile duct (5), gallbladder (4), lung (10) , kidney (renal cell carcinoma; 6), thyroid gland (5), salivary gland (5), prostate (10), breast (11), ovary (6), uterine body (5), uterine cervix (11) , and liver (hepatocellular carcinoma; 5); and pleomorphic adenoma of the salivary gland (5) ❚Table 1❚. Histologically normal portions of these tissues, gastric metaplasia of the gallbladder coexisting with gallbladder adenocarcinoma, and mucinous metaplasia of pancreatic ducts coexisting with pancreatic adenocarcinoma also were examined. The tissues were used with the approval of the ethics committee of Shinshu University.
Monoclonal Antibodies
Monoclonal antibodies against gastric mucins were generated by immunizing purified gastric mucins from pig in 
Salivary gland (pleomorphic adenoma) ( n = 5) 0 (0) 5 ----, negative; +, less than one third of the tumor tissue was stained; ++, more than one third stained; +++, more than two thirds stained.
BALB/c mice, and monoclonal antibodies PGM 36 and PGM 37 were selected on the basis of immunoreactivity with purified gastric mucins from pig according to the previously reported method. 23, 24 Anti-gastric mucin antibody HIK1083 was purchased from Kanto Chemical (Tokyo, Japan). Among these 3 monoclonal antibodies, the epitope structure of HIK1083 was elucidated to be oligosaccharidebearing peripheral alpha-linked N-acetylglucosamine (GlcNAc). 20, 24, 27 Histochemistry Serial paraffin sections cut at 3 µm were stained with H&E, paradoxical concanavalin A, 2,4 and the immunostains HIK1083 (1:10), PGM 36 (1:5), and PGM 37 (1:5) using an indirect immunoperoxidase method (DAKO, Carpinteria, CA). Sections for HIK1083, PGM 36, and PGM 37 immunostaining were prepared in a steamer (Black & Decker HS90, Shelton, CT) for 30 minutes in a 10-mmol/L concentration of citrate buffer (pH 6.0) before immunostaining. In cases showing a positive reaction with paradoxical concanavalin A staining, dual staining with galactose oxidase-cold thionine Schiff reaction (GOTS) and paradoxical concanavalin A staining 8 also was performed to demonstrate the gastric surface mucous cell-type mucins in addition to class III mucins. Color development was performed using diaminobenzidine as the chromogen with a hematoxylin counterstain.
Results
Reactivity of Monoclonal Antibodies Against Gastric Mucins and Paradoxical Concanavalin A Staining in Nonneoplastic Tissues
The immunoreactivity of HIK1083, PGM 36, and PGM 37 was consistent with the reactivity of paradoxical concanavalin A staining. Thus, no reactivity was detected in normal esophagus, colon, thyroid, lung, salivary gland, kidney, liver, prostate, endometrium, uterine cervix, ovary, or breast. The 3 monoclonal antibodies and paradoxical concanavalin A staining labeled mucins in gastric gland mucous cells (cardiac gland cells, mucous neck cells, and pyloric gland cells) ❚Image 1❚, Brunner gland cells, and mucous cells of the peribiliary glands and the main pancreatic duct. Mucinous metaplasia of the pancreas consisted of paradoxical concanavalin A-positive gastric gland mucous cell type-metaplastic cells and GOTS-positive gastric surface mucous cell type-metaplastic cells ❚Image 2❚. The former type of metaplastic cells also was reactive with HIK1083, PGM 36, and PGM 37 (Image 2).
Reactivity of Monoclonal Antibodies Against Gastric Mucins and Paradoxical Concanavalin A Staining in Neoplastic Tissues
Reactivity of HIK1083, PGM 36, PGM 37, and paradoxical concanavalin A was detected in the majority of the carcinomas examined, including carcinoma of the stomach, pancreas, bile duct, gallbladder, mucinous type ovarian carcinoma, goblet cell type lung carcinoma, and adenoma malignum of uterine cervix (Table 1) . Carcinoma cells reactive with HIK1083, PGM 36, PGM 37, and paradoxical concanavalin A always were accompanied by carcinoma cells reactive with GOTS ❚Image 3B❚ ❚Image 4B❚ ❚Image 5B❚. Although, staining with HIK1083, PGM 36, PGM 37, and paradoxical concanavalin A differed quantitatively from case to case (Table1), the localization of immunoreactivity of HIK1083, PGM 36, and PGM 37 was consistent with the reactivity of paradoxical concanavalin A staining in the various neoplastic tissues (Image 3, Image 4, and Image 5). PGM 36 showed more diffuse cytoplasmic expression than HIK1083 and PGM 37 in a case of gastric signet ring cell carcinoma tissue (Image 3).
In pulmonary adenocarcinomas, only the goblet cell type carcinomas showed reactivity with paradoxical concanavalin A staining, HIK1083, PGM 36, and PGM 37 in mucins of carcinoma cells (Image 4), and alveolar macrophages accumulated in alveolar spaces in these positive cases. In adenocarcinomas of the uterine cervix, only adenoma malignum showed reactivity with paradoxical concanavalin A staining, HIK1083, PGM 36, and PGM 37 (Image 5). Pleomorphic adenoma of the salivary gland, squamous cell carcinoma of the esophagus and lung, and adenocarcinoma of the colon, thyroid, salivary gland, kidney, prostate, endometrium, breast, ovary (serous carcinoma), and liver (hepatocellular carcinoma) were negative with paradoxical concanavalin A staining, HIK1083, PGM 36, and PGM 37 (Table 1 ).
Discussion
We have described the expression of immunoreactivity of the anti-gastric mucin antibodies HIK1083, PGM 36, and PGM 37 in normal, metaplastic, and neoplastic human tissues in comparison with the reactivity of paradoxical concanavalin A staining. The results showed that distribution of immunoreactivity of these monoclonal antibodies correlated with the distribution of class III mucins identified by paradoxical concanavalin A staining in normal, metaplastic, and neoplastic human tissues.
Class III mucins have been reported to be present in gastric gland mucous cells (cardiac gland cells, mucous neck cells, and pyloric gland cells), 2 mucous cells of the peribiliary gland, 10 mucous cells around the main pancreatic ducts, 10, 16 gastric metaplasia of the gallbladder, 22 mucinous metaplasia of the pancreas, 16 and neoplastic cells expressing gastric mucins, including mucinous tumor of the ovary 17 and adenocarcinoma of the stomach, 4,7,9,20 pancreas, 14, 16, 20 gallbladder, 13 lung (goblet cell type), 10, 18 and uterine cervix (adenoma malignum), 19, 20 but not in normal esophagus, 15 intestine, 10,21 pancreas, 16 ovary, 17 lung, 18 uterine cervix, 19, 21 or adenocarcinoma of the colon 10, 21 and breast. 28 In the present study, we confirmed and extended the specific distribution of class III mucins in human tissues and showed that class III mucins were not expressed in squamous cell carcinoma of the esophagus and lung, in normal and neoplastic salivary gland, or in adenocarcinoma of the kidney, thyroid gland, endometrium, liver, or prostate gland. Matsuzawa et al 16 demonstrated gastric pyloric differentiation in mucinous metaplasia of the pancreatic duct and pancreatic adenocarcinoma and suggested that mucinous metaplasia of the pancreatic duct identified a precancerous lesion. We confirmed these findings and found that immunoreactivity of HIK1083, PGM 36, and PGM 37 was consistent with that of paradoxical concanavalin A staining in mucinous metaplasia of the pancreatic duct and in pancreatic ductal adenocarcinoma. We hypothesize that these monoclonal antibodies could be useful for detecting class III mucins derived from these lesions in pancreatic juice collected at endoscopy.
Honda et al 18 reported one subtype of primary pulmonary adenocarcinoma designated as the gastric type, which differentiated into gastric pyloric mucosa and possessed gastric surface mucous cell-type mucins and class III mucins. Histologic features of those cases were consistent with those of pulmonary adenocarcinoma of goblet cell type. 29 Goblet cell-type adenocarcinoma is known to be difficult to diagnose on cytologic specimens or biopsy specimens because of its blunt cytologic and histologic appearances. 29 We found that HIK1083, PGM 36, and PGM 37 detected class III mucins as effectively as paradoxical concanavalin A staining in these gastric type pulmonary adenocarcinomas. Because class III mucins are not present in normal lung, the demonstration of class III mucins with the monoclonal antibodies used in the present study on histologic or cytologic specimens could be diagnostically relevant to the diagnosis of gastric-type or goblet cell-type pulmonary adenocarcinoma.
Ishii et al 19 used paradoxical concanavalin A staining and immunostaining with HIK1083 to demonstrate that adenoma malignum expresses class III mucins and has characteristics of gastric pyloric mucosa. We found that PGM 36 and PGM 37 also were positive with adenoma malignum. Adenoma malignum is known to be difficult to diagnose on biopsy specimens or cytologic specimens because of its blunt histologic and cytologic appearances. Demonstration of class III mucins in cytologic or biopsy specimens of the uterine cervix is useful to diagnose adenoma malignum.
Determination of the site of origin of metastatic carcinomas using examination of histologic slides continues to present diagnostic challenges for the pathologist. It is possible that immunostaining with HIK1083, PGM 36, and PGM 37 could be diagnostically relevant for the specific distribution in human tissues. By using paradoxical concanavalin A staining, Tsuchiya et al 28 proved metastasis of gastric cancer to breast in 1 patient who had a history of breast cancer and gastric cancer. Widespread adoption of paradoxical concanavalin A staining has been slow because of the inconvenient chemical pretreatment with periodic acid oxidation and borohydride reduction required. The present study shows that immunostaining with HIK1083, PGM 36, and PGM 37 can take the place of paradoxical concanavalin A staining in detecting class III mucins and primary sites of metastatic adenocarcinomas in histologic specimens.
It has been speculated that the sugar moiety responsible for class III reactivity of concanavalin A is GlcNAc residues. Hotta et al 30 extracted mucin-type glycoproteins from human gastric mucin with a concanavalin A-sepharose column after the oxidation and reduction of human gastric mucin according to the paradoxical concanavalin A staining sequence and suggested that GlcNAc residues at the nonreducing terminal of the oligosaccharides were responsible for the class III concanavalin A reactivity. In addition, GlcNAc alpha1-4 Gal residues attached to the peripheral region of the O-linked polysaccharide were obtained from the duodenal glands of rat and pig. 31 In line with these findings, we confirmed that distribution of immunoreactivity of peripheral alpha-linked GlcNAc-specific monoclonal antibody HIK1083 was consistent with the distribution of class III mucins in normal, metaplastic, and neoplastic human tissues. More recently, Nakayama et al 27 isolated a complementary DNA encoding a human alpha1,4-N-acetylglucosaminyltransferase (alpha 4GnT), by expression cloning using HIK1083, PGM 36, and PGM 37 and demonstrated that alpha 4GnT is a glycosyltransferase that forms GlcNAc alpha1→4Gal beta→R residues preferentially in O-glycans. 27 It also was demonstrated that PGM 36 and PGM 37 actually react with COS-1 cells cotransfected by alpha 4GnT complementary DNA and leukosialin complementary DNA, indicating that these antibodies also recognize GlcNAc alpha1→4Gal beta→R residues like HIK1083. 27 All 3 monoclonal antibodies showed the same distribution in the normal tissues examined. Basal secretory cells in rat colon, which express class III mucins, showed immunoreactivity with HIK1083 and PGM 37 but not with PGM 36, 26 and PGM 36 showed more diffuse cytoplasmic expression in 1 signet ring cell carcinoma. These findings suggest that class III mucins contain more than one kind of specific oligosaccharide.
The monoclonal antibodies we studied have potentially useful applications because the histologic detection of class III mucins is useful for the pathologic diagnosis of adenocarcinoma expressing gastric mucins and for the study of histogenesis of these carcinomas. In addition, these monoclonal antibodies may be clinically useful as tumor markers, for biochemical analysis of class III mucins, and for facilitating understanding of the structure and functions of gastric mucins.
